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ROCK V  MOUNTAIN  ARSENAL 

PRELIMINARY 
MOM I TOR I MG  PLAN 
ECJR 

HVDRA  Z  I  ME  &L-EMD  I  MG  FACILITY 

PREI _ I  M  I  M*ARV  REPORT 

1.  PURPOSE,  To  r«oort  on  the  status  o f  the  "Prel imlnary 
Monitoring  Plan  For  Hvdracine  Blending  Racilitv  *  as  revised  and 
submitted  on  7  July  1 993  and  aooroved  f or  action  in  October  1993. 

3.  OBJECTIVES.  To  outline  a  preliminary  plan  for  monitoring 
groundwater,  soil  and  vegetation  in  the  vicinity  of  the  Rocky 
Mountain  Arsenal  <RMA>  hvdrarme  blending  facility.  Analytes  of 
interest  are  hvdrarine  (Hr).  unsvmmetr  i  cal  dl  me'ihvlhvdrarine  (UDMM) 
and  N. N* -di metMvlni troscami ne  (NOMA).  The  analytical  results  will 
be  used  to  develcoe  a  first  accr  o-*  i  mat  l  on  of  the  degrse  of 
contami nati on  present  in  specific  areas  of  the  facility. 

3.  HISTORICAL.  The  Rocky  Mountain  Arsenal  hvdrarine  blending 
facility  was  constructed  in  1*61  for  blending  Mr  and  UOMM  to  make 
Aerorine  30.  Aerorine  30  i s  used  primarily  by  the  U  3  Air  Force 
<USAF)  as  a  rocket  fuel . 

An  Incident  occur-ed  in  November  19T3  whan  the  fire  protection 
system  mal functi oned  due  to  a  sower  outage.  Several  hundred 
thousand  gallons  of  water  filled  the  pit  around  the  large  (300.000 
gal)  UDMM  storage  tank  causing  it  to  float.  The  water  from  the 
pit  areu  was  pumoed  onto  the  fields  to  the  east  and  south  of  the 
east  yard  (Figure  1).  In  Mav  1976  appro* i mat  el v  f  inches  of  UDMM 
was  found  in  the  pit  around  the  1 arge  tank  due  to  leaks  in  the 
tank.  The  UDMM  was  pumped  to  the  sump  (0-739)  and  was 
neutral l red. 

During  the  productive  vear«j  many  of  the  drums  r»*umtd  for  filling 
contained  residues  of  us  to  several  gallons.  These  residues  were 
poured  into  the  sumo  to  bo  neut-al » : ed .  The  drums  were  then 
washed  in  the  ooen  area  south  and  east  of  building  733  (Figure  t). 

In  1991  RMA  reauested  the  U  3  Cccuaati onal  Sa*etv  and  Health 
Agencv  (CSHA)  to  male  a  survey  o<  the  hvdrarine  *aci;itv  to 
determine  comolianee  with  existing  -egulatisns  and  the  safety  of 
the  working  environment.  m^asureable  levels  of  ND**A  were  found. 
NOMA,  a  degradation  o-cduct  a*  ’JCM w.  is  a  carcinogen.  The 
facility  was  shut  down  and  remains  in  a  it  or age-caretaker  status 
at  this  time. 
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4.  METHODS: 


a.  ftl  r  ■  Air  samoles  were  taken  at  3  feet  above  ground  level. 
Ambient  air  Mae  taken  through  glaea  tubes  packed  with  Thermo 
Sorb-N  at  the  rate  of  1.0  liters  per  minute  (l^min)  for  two  hours. 
The  samole  tubes  Mere  extracted  Mith  solvents,  the  solvents 
concentrated  and  analvred  bv  gas  chromatograohv  (CG>  using  a 

Ni trogen/Phosoncrous  detector. 

The  first  round  of  samoling  folloMing  the  CSHA  reoort  was  done  bv 
the  Armv  £n vi ranmental  Hygiene  Agenev  (AEHA) .  Samoling  sites  were 
established  as  indicated  in  Figure  2.  Selected  sites  from  that 
studv  Mere  used  in  three  subsequent  rounds  of  samoling  by  RMA 
personnel . 

In  the  initial  RMA  samoling  round  duolieate  samoles  were  taken  at 
each  site  samoled.  One  set  of  samoles  were  sent  to  the  Thermal 
Electron  Corsoration  for  analvsis.  The  other  set  was  analysed  at 
RMA  bv  the  Analytical  Systems  Branch  (ASB)  1 aboratori es.  The 
second  and  third  rounds  of  samoles  were  analvred  only  bv  the 
RMA-ASS  l abaratcr i es.  These  three  rounds  of  samoling  were 
undertaken  in  an  effort  to  locate  and  reoair  leaxs  In  the  UDMH  and 
Aerorine  SO  piping  svstems  and  other  hardware.  For  this  reason 
samole  sites  were  added  or  deleted  in  each  successive  round  as 
deemed  necessary. 

b.  Sol  1 s.  A  lack  of  methods  for  analysis  of  soils  for  Hr. 
UDMH  and  NOMA  resulted  in  assigning  a  Reserve  Chemical  Officer 
Major  John  Neil  the  task  of  comoiling  a  list  of  work  done  in  this 
field.  Major  Nell  contacted  personnel  in  the  USAF,  CSHA.  EPA  and 
possibly  other  agencies.  His  efforts  resulted  in  receipt  of  seme 
ten  paoers  on  Hr.  UDMH  and/cr  NDMA  analysis.  Si::  papers  indicated 
work  had  been  dene  with  varying  degrees  of  success  on  one  or  more 
of  the  three  compounds  of  interest  in  soils.  Only  twe  methods. 
Colorimetry  and  Gas  Chrcomatcgr aohv  (GC)  or  tandem  couoled  Gas 
Chromatography /Mass  Soectrcmetrv  (GC/MS)  were  described.  The  GC 
and  GC/MS  methods  both  used  Thermal  Energy  Analvsis  (TEA) 
equipment  in  the  isolation  and  analysis  of  the  analvtes.  The  lack 
of  TEA  equipment  at  RMA-ASB  has  necessitated  the  development  of  an 
extraction  and  analvsis  orocedure  for  soils  based  on  the  formation 
of  stable  derivatives. 

A  method  of  determining  the  areal  distribution  of  comoonents  in 
soil  atmesohere  has  been  develooed  bv  Dr.  Kent  Voorhees  and  his 
associates  at  the  Colorado  School  of  Mines.  Golden,  Co.  The 
method  consists  of  excavating  a  hole  in  the  soil  appro::  i  matel  v  9 
inches  deeo.  A  four  inch  long  curie  point  wire  tipped  with  an 
adsorbent  is  placed  upright  in  the  hole  and  covered  with  a  12  oz 
caoacity  aluminum  can.  The  can  Is  then  covered  with  soi\  and  left 
for  a  soecified  period  of  time.  After  the  specified  time  the 


wires  are  recovered  and  analyzed  on  tandem  couoled  mass 
spectrometers  with  a  data  system  (MS/MS/DS) .  Due  to  the  low  cost 
of  this  method  it  was  decided  to  do  a  preliminary  study  of  the 
facility  to  determine  the  most  appropriate  positions  far  taking 
sails  samples  for  analysis. 

c.  Water.  Analysis  of  water  samoles  are  being  done  by  the 
derivative  method  develooed  at  RMA.  The  three  methods  of  water 
analysis  reported  in  the  collected  literature  relied  upon 
Colorimetric  or  TEA-GC  analysis.  Equipment  for  TEA  analysis  is 
not  presently  available  at  RMA-ASB  laboratory. 

d.  Vegetation ■  There  is  very  little  published  material 
dealing  with  the  analysis  of  Hz.  UDMH  and  NDMA  in  plant  tissue. 

One  reference  was  found  which  mentioned  the  analysis  of  plant 
tissues  for  UDMH.  The  RMA-ASB  laboratory  will  attemot  to  adaot,  its 
der i vati ve-GC  method  for  use  with  plant  tissue. 

S.  RS.SIJLI.gjL. 

a.  Ai r .  After  the  AEHA  reported  concentrati ons  of  Hz.  UDMH 
and  NDMA  in  the  air  at  the  hydrazine  facility  in  1982.  it  was 
assumed  that  the  Hz.  UDMH  and  NDMA  were  originating  from  the  leaks 
in  the  plant  pipes.  A  monitoring  program  was  begun  to  attemot  to 
locate  any  leaks  which  could  then  be  repaired.  Figure  2  shows  the 
sampling  sites.  After  each  samoling  period  sites  were  added  or 
deleted  in  a.-  attempt  to  better  pinpoint  sources  of  contamination. 

The  air  samoling  was  accomplished  by  personnel  fro*  the  AS8  and 
the  Hydrazine  Facility  operators  under  the  direction  of  Messrs. 

Eli jah  Jones-  Dave  Strang.  Tom  James  and  Martin  Macias. 

The  results  of  the  three  rounds  of  samoles  collected  by  RMA 
personnel  are  presented  in  Table  1.  Repairs  of  the  facilities 
were  made  between  samo'ling  rounds  but  little  total  progress  is 
indi cated. 

b.  Soi I s.  Due  to  the  amounts  of  Hz  and  UDMH  reported  to  have 
been  distributed  on  the  ground  because  of  incidents  and  "state  of 
the  art"  cleaning.  mi::inq  and  filling  procedures,  it  was  deemed 
prudent  to  conduct  a  small  soil  gas  survev  to  determine  the 
locations  at  which  to  take  soil  samoles. 

Sixteen  wires  were  set  out  in  and  around  the  Hvdrazine  Facility 
(Figure  Z) .  The  wires  were  allowed  to  remain  in  place  for  seven 
davs  and  were  then  recovered  and  analyzed.  The  results  (Table  2) 
are  given  in  total  ion  counts  at  mass  to  charge  ratio  (M/2)  29  the 
molecular  weight  of  nitrogen.  These  ion  counts  are  comoared  to  a 
background  ion  count  at  M/2  29  of  133.  The  background  i  on  count 
of  133  was  based  an  other  work  of  this  kind  done  previously  in 


Site 

No, 

Oace 

Taken 

0983) 

TEC  ASB 

Lab  Lab 

NOMA, 

( ug/m i) 

Oace 

Taken 

(1983) 

ASS 

Lab 

NOMA, 

(ug/rrr) 

Dace 

Taken 

(1983) 

ASB 
-  .  lab 
NOMA 
(ug/irr 

1 

22  Feb 

.  0.55 

2 

22  Feb 

0.38-  _ 

3 

28  Feb 

0.25 

12  Apr 

NO 

4 

28  Feb 

0.35 

5 

14  Jan 

HO 

NO 

28  Feb 

Trace 

12  Apr 

.Trace 

6 

28  Feb 

0.33 

7 

14  Jan 

HO 

NO 

28  Feb 

1.43 

1 1  Apr 

0.72 

a 

•  4  Jan 

HO 

NO 

28  Feb 

2.57 

1 1  Apr 

0.37 

3 

13  Jan 

5-2  0 

5-27 

22  Feb 

3.27 

8  Apr 

9.30 

10 

13  Jan 

0.26 

0.39 

22  Feb 

0.88 

8  Apr 

8.01 

n 

13  Jan 

NO 

NO 

22  Feb 

2.44 

8  Apr 

62.51 

12 

14  Jan 

NO 

NO 

11  Apr 

0.51 

13 

14  Jan 

NO 

NO 

1 1  Apr 

NO 

14 

14  Jan 

0.41 

1.10 

28  Feb 

2.38 

11  Apr 

2.22 

IS 

1 1  Apr 

0.94 

16 

11  Apr 

0.47 

17 

12  Apr 

NO 

18 

12  Apr 

NO 

19 

20 

14  Jan 

0.22 

0.35 

21 

22 

13  Jan 

0.49 

0.75 

22  Feb 

8.78 

23 

13  Jan 

0.14 

0.27 

22  Feb 

7.41 

8  Apr 

3.63 

24 

22  Feb 

12.87 

8  Apr 

6.78 

25 

22  Feb 

2.60 

8  Apr 

16.20 

26 

22  Feb 

0.63 

27 

28  Feb 

0.32 

Trace  * 

0.05-0.15 

Trace  - 

0.07-0.15 

Trace  * 

0.07-0.15 

NO  -  <0, 

.05 

NO  -  <0, 

.07 

NO  -  <  0. 

,07 

TA8LE  ? 

Results  of  air  monitoring 
at  the  RMA  hydrazine  facility 


Site 

No. 

Ion 

Counts 

Backgrouni 

Multiple 

1 

3114 

23.06 

2 

2604 

19-25 

3 

2924 

21.66 

4 

2089 

15.47  : 

5 

2639 

19.55  ' 

6 

1254 

9.29 

7 

1953 

14.47 

8 

3334 

24.70 

9 

2446 

18.12 

10 

2690 

19.93 

11 

1965 

14.56 

12 

1759 

13.03 

13 

2919 

21 .62 

14 

2015 

14.93 

15 

2420 

17.93 

16 

832 

6.16 

TABLE  2 

Total  Son  counts  at  M/Z  28  and  multiples  cf  background  level 
as  determined  by  the  soil  gas  method 


other  areas  of  the  RMA 


The  ion  counts  are  contoured  on  Figure  4.  The  contour  lines 
indicate  the  trend  o-f  concentrations  o-f  nitrogen  <N)  and  nitrogen 
containing  comoounds  in  the  soil  and/or  underiving  ground  water. 
The  highest  concentrati  an  a-f  3334  counts  is  approximate!  v  25  times 
RMA  background.  This  was  found  at  the  drum  and  tank  car  loading 
facility  (3ite  9).  The  second  highest  concentration  of  3114 
counts  is  23  times  background.  This  was  located  at  site  1.  just 
south  of  building  755  where  the  drum  cleaning  was  done.  Figure  4 
indicates  the  contamination  camoonents  follow  surface  drainage 
patterns  with  subseauent  infiltration. 

One  set  of  soil  samples  were  taken  at  site  13.  outside  the 
facility  fence.  These  samoles  were  used  to  determine  the 
effectiveness  of  the  first  sail  extract  and  furfurol  derivative 
method.  The  derivatives  lacked  the  desired  stability  and  other 
derivatizing  agents  were  tried.  Presently  a  derivative  method  is 
being  develooed  at  the  ASB  bv  fir  Glen  Kalas  DAC.  which  seems  to 
form  more  stable  acine  and  hvdracone  derivatives. 

The  remainder  of  the  soil  samoles  from  inside  the  facility  fences 
have  not  yet  been  taken  as  stability  of  the  analytes  is  not  good 
once  the  soils  are  aerated  in  the  collection  process  and  before 
stable  derivatives  are  formed.  Since  the  hvdrazine  facility 
operators  also  work  in  the  laundry,  access  to  the  facility  is  very 
limited  until  the  laundry  passes  its  Security  Operations 
Insoecticn  (SOI). 

c.  VEGETATION,  The  approval  of  the  sampling  plan  in  October 
'S3  made  it  necessary  to  wait  until  the  soring  of  '84  to  collect 
useable  vegetation  samoles.  Due  to  the  nature  of  the  analvtes 
sought  the  greatest  chance  of  success  will  lie  with  collection  of 
new  growth. 

The  derivative  method  of  analysis  being  develooed  at  the  ASB  for 
Hr  and  UDMH  should  also  work  with  the  olant  extracts.  The 
extraction  of  the  analvtes  from  the  plant  tissue  mav  reouire 
additional  work  since  there  is  verv  little  published  material 
pertaining  to  the  extraction  of  Hr.  UDMH  and  NDMA  from  plant 
t i s sue . 

d.  WATER.  A  number  of  wells  in  the  hvdrarine  facility  area 
have  shown  the  presence  of  high  levels  of  nitrates  of  uo  to  2  PPM 
in  the  water.  Unfortunately  most  of  these  wells  were  not  analyzed 
regularly  for  nitrates.  The  wells  closest  to  the  hydrazine 
facility,  wells  1-009.  1-019.  1-030  and  1-033  were  not  previously 
analyzed  for  nitrates.  These  wells  (Figure  5)  are  now  on  the 
sampling  schedule  and  will  add  to  a  more  comolete  picture  of  the 
contamination  in  the  facility  area. 
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<£>.  CONCLUSIONS.  The  curie  ooint  wire  method  of  soil  gas  analysis 
*eem3  to  hold  great  promise  as  a  tool  to  determine  the  areal 
extent  o-f  soil  and  ground  water  contaminati on.  Th®  method  is 
swift  and  relatively  inexoensive.  Use  of  this  method  in 
preliminary  work  can  result  in  a  better  understanding  of  the 
problem  at  hand  and  a  more  useful  sampling  or  drilling  olan. 

There  has  been  3ome  work  done  by  other  laboratories  and 
researchers  on  the  extraction  and  analysis  of  Hr.  UDHH  and  MDMA 
from  soils  and  vegetation.  Host  of  this  work  was  done  in  the 
laboratory  on  samoles  soiked  with  the  analytes  and  extracted 
almost  immediately  or  under  conditions  which  do  not  relate  to 
field  samoles.  All  of  this  is  very  necessary  background  for 
develooment  of  useable  methods.  However  very  little  has  been 
publisned  on  the  successful  extraction  of  soil  and  vegetation 
field  samoles. 

The  presence  of  high  nitrate  levels  in  ground  water  has  been  noted 
at  various  distances  and  directions  surrounding  the  hvdrarme 
facility.  A  more  crganired  monitoring  program  should  be 
instituted  u*-ng  both  existing  and  additional  wells.  Ananvsis  for 
ni trates/nl tri tes  and  organic  nitrogenous  entities  should  be  done 
on  wells  in  this  area  on  a  regular  schedule. 

The  history  of  the  hydrazine  facility  ifdicatos  oossible  additions 
of  He  and  UCHH  to  the  soil  through  sol  11 s  and  during  drum 
cleaning.  The  soil  gas  study  verified  the  presence  of  elevated 
amounts  of  nitrogenous  comoounds  in  the  soli  and  indicated  trends 
in  location.  An  expanded  soil  gas  investigation  should  be 
conducted  to  include  the  area  surrounding  the  hydrazine  facility. 

The  ground  water  samoles  will  be  retaker  to  allow  use  of  the 
sal icvl al denvde  derivative  method  of  an,  vsis.  Useable  vegetation 
samoles  cannot  be  harvested  until  adwauate  growth  occurrs  in  the 
Aor i 1 -June  time  frame.  The  remaining  10  soil  samoles  (3  situs  x  2 
deaths)  will  be  taken  as  access  to  the  facility  is  allowed  and 
laboratory  assets  ar®  available.  This  is  expected  to  be  within 
the  next  f #w  weeks. 
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